C ase study:
A 43-year-old man with a long history of obesity presented to our Weight Management Center 5 years after being disabled in a motor vehicle accident and gaining weight to a lifetime high of 269 kg and body mass index (BMI) of 85 kg/m 2 . His comorbidities were hypertension, obstructive sleep apnea, gastroesophageal reflux disease, gout, and osteoarthritis, and he had recently developed type 2 diabetes mellitus. Medications used included metformin, glyburide, losartan, hydrochlorothiazide, and diltiazem. He was motivated and met criteria for weight loss via a surgical intervention. Preoperatively, he was placed on a high-protein diet plus an appetite suppressant (phentermine) to achieve 10% weight loss. His weight declined, but he developed new-onset atrial fibrillation 3 weeks later, which was thought to be related to phentermine use and was cardioverted back to sinus rhythm.
Several months later, the patient underwent gastric bypass bariatric surgery with a preoperative weight of 252 kg. His type 2 diabetes mellitus resolved immediately after surgery, as did his gastroesophageal reflux and hypertension. Ten months after surgery, his weight was down to 177 kg (BMIϭ56 kg/m 2 ) with hemoglobin A1c of 5.9%, fasting blood glucose of 82 mg/dL, and blood pressure of 137/ 82 mm Hg, and he was no longer taking any medication.
Obesity: Relationship to Cardiovascular Disease
Although there are multiple long-term deleterious health effects of excess weight, obesity as defined by BMI Ն30 kg/m 2 is associated with premature atherosclerosis, increased risk of myocardial infarction and heart failure, and decreased survival, largely because of cardiovascular deaths, particularly in extreme weight categories. 1, 2 Factors that contribute to cardiovascular disease in obesity are multifactorial and include metabolic dysregulation with increased prevalence of atherogenic risk factors, including insulin resistance, hypertension, and dyslipidemia; adverse cardiac remodeling characterized by hypertrophy, chamber enlargement, and impaired ventricular systolic and diastolic function; vascular endothelial dysfunction; premature coronary artery disease; increased sympathetic tone; pulmonary hypertension with right-sided heart strain; and arrhythmias. 3 Additionally, obesity is linked to a chronic state of inflammation evidenced by increased circulating levels of proinflammatory cytokines, derived largely from hepatic and adipose sources that may play roles in mechanisms of insulin resistance, plaque activation, myocardial hypertrophy, and cardiovascular disease progression. We recently observed that inflammatory changes in fat tissue are linked to systemic arterial dysfunction and abnormal clinical phenotypes, which suggests the possibility of a pathogenic adipose-cardiovascular axis. 4 Although BMI is useful in predicting overall risk, other factors, including adiposity distribution, degree of visceral or ectopic fat burden, percent body fat, genetic factors, sex, and possibly qualitative features of adipose tissue, may be germane to clinical disease expression. 5, 6 Treatment of Obesity: Surgery and Pharmacotherapy
The case illustrated in this clinician update provides an example of the risks and benefits of various kinds of obesity treatments and highlights how potential options should be chosen with the patient's medical history in mind.
Weight control is the cornerstone of therapy for both primary and second-ary prevention of cardiovascular disease. Standard diets and exercise strategies have had limited efficacy because of low rates of long-term success in sustaining weight losses of 5% to 10% of initial body weight beyond 6 months. The use of appetite suppressants, which typically work on the hypothalamus, to decrease food intake can potentiate weight loss as long as treatment is sustained; however, weight is quickly regained on cessation of the agent. These drugs are also fraught with side effects such as blood pressure and pulse elevations, anxiety, and insomnia and thus can be extremely difficult to use, especially in patients with cardiovascular disease or risk factors. With a high BMI (class V obesity) and comorbidities such as hypertension, sleep apnea, and type 2 diabetes mellitus, the patient in this Clinician Update is certainly at increased cardiovascular risk. One of his prescribed medications, phentermine, acts primarily as a norepinephrinereleasing agent and centrally suppresses appetite in the hypothalamus. Because of its amphetamine-like actions, it also exerts peripheral effects of pulse and blood pressure elevation. In a patient with this degree of obesity, it is likely that the combination of sleep apnea, possibly right-sided heart overload, and phentermine effects triggered atrial fibrillation.
The medical and surgical treatments for obesity have a core of behavioral approaches in common: diet and exercise modification. These modalities need to be included concomitantly with medical or surgical options, likely lifelong, for successful outcomes.
This patient was unable to tolerate one of the pharmacotherapeutic options for obesity treatment because of its common sympathomimetic cardiovascular side effects. Unfortunately, many of the medications for obesity have undergone intense scrutiny because of potential cardiovascular and other side effects and have come up short when evaluated for health risk versus benefit. Phentermine was approved for weight loss by the Food and Drug Administration (FDA) in 1959 for short-term (12 weeks) treatment of obesity; long-term studies are unavailable. 7 It was combined with fenfluramine in a popular combination termed "phen-fen" until concerns about valvulopathy prompted the FDA to withdraw fenfluramine from the market in 1997. Another agent for obesity, sibutramine, approved in 1997 for long-term use, was withdrawn from the market recently after a study of subjects with preexisting cardiovascular disease, type 2 diabetes mellitus, or both showed increased risk of nonfatal myocardial infarction and stroke with treatment for a mean duration of 3.4 years. 8 Currently, the only centrally acting appetite suppressants on the market for obesity treatment are phentermine and diethylpropion, both of which are sympathomimetics with potential cardiovascular side effects. Orlistat, a peripherally acting agent, is a pancreatic and gastric lipase inhibitor that blocks 25% to 30% of fat calories from absorption in the gastrointestinal tract. Its actions are considered mild compared with appetite suppressants, with those who take it achieving less than a 5% weight loss compared with placebo. 9 The FDA guidance for industry for weight loss drugs recommends that drugs brought through the approval process show for efficacy a difference in mean weight loss between product and placebo groups of at least 5% or that the proportion of subjects undergoing active treatment who lose Ն5% of baseline body weight be at least 35%.
Other agents that did not achieve FDA approval for obesity treatment recently for safety reasons include rimonabant, a cannabinoid receptor antagonist; lorcaserin, a 5-hydroxytryptamine (serotonin) 2C receptor agonist; and the combination drugs topiramate/ phentermine and naltrexone/bupropion. Concerns about side effects were again the predominant reason for nonapproval status, including anxiety and depression for rimonabant, breast tumors in rat models for lorcaserin, cardiovascular effects and teratogenicity for topiramate/phentermine, and elevations in blood pressure for naltrexone/ bupropion. These drugs did meet the FDA efficacy recommendations listed above. The approval bar for obesity agents in the United States is high because of the number of Americans who would be eligible for these agents (33.8% of the population was considered obese in the United States as of 2008). Table 1 summarizes recent pharmacological agents used for obesity treatment. 10 -12 The National Institutes of Health/National Heart, Lung, and Blood Institute guidelines on the assessment and treatment of obesity recommend that pharmacotherapy for obesity be considered for those patients with a BMI Ն30 kg/m 2 or Ն27 kg/m 2 with at least 1 serious comorbidity. All pharmacotherapeutic options for obesity should be adjuncts to dietary and physical activity recommendations. 13 Newer medical approaches to obesity management may include the addition of incretin hormones, the blood levels of which are altered after gastric bypass surgery. GLP-1 (glucagon-like peptide 1) agonists such as exenatide and liraglutide have been shown to promote weight loss in both diabetic and nondiabetic patients. Other experimental approaches include combinations of injectable agents plus leptin, a hormone secreted by adipose tissue that signals satiety in the hypothalamus. These approaches are considered an off-label use of approved agents in the case of GLP-1 agonists and experimental in the case of leptin in combination with other agents. Table 2 summarizes the recent activity of newer pharmaceutical obesity agents in the FDA approval process. 14 Given the limited efficacy of antiobesity medications and behavioral interventions, bariatric operations have provided an alternative yet durable approach to combat obesity and its comorbidities. Bariatric surgery has increased exponentially in the United States and has evolved to become one of the safer surgical operations performed in the United States, with a 30-day mortality rate of 0.3% and an early complication rate of 4.1%. 15 Bariatric surgery encompasses several different procedures: Roux-en-Y gastric bypass, laparoscopic adjustable gastric band, and the biliopancreatic diversion and biliopancreatic diversion with duodenal switch (Figure) . The 2 most commonly performed in the United States are the Roux-en-Y gastric bypass and laparoscopic adjustable gastric band. These procedures are recommended for patients with BMI Ն40 kg/m 2 
Cardiovascular Benefits of Weight Loss
Studies have shown the benefits of a modest 5% to 10% weight loss on cardiovascular risk factors, most notably the Diabetes Prevention Program, in which an average 7% weight loss with an intensive lifestyle intervention of diet and exercise delayed the progression to type 2 diabetes mellitus in those with prediabetes. 16 Our patient underwent the Rouxen-Y gastric bypass, which resolved most of his comorbidities, including type 2 diabetes mellitus, hypertension, reflux disease, and osteoarthritis. The Roux-en-Y gastric bypass can produce on average a 25% weight loss by 9 to 12 months after the procedure. There is robust literature highlighting the immediate and consistent amelioration of *Mean weight loss in excess of placebo give as percent of initial body weight; 1-year intention-to-treat analysis unless otherwise specified.
metabolic abnormalities after bariatric surgery, in many cases much before major weight loss begins. This improvement, in the case of type 2 diabetes mellitus, may occur immediately and results from alterations in the secretion of several gut-derived hormones, notably GLP-1, GIP (gastric inhibitory polypeptide), PYY (peptide YY), and ghrelin, with endocrine functions that modulate insulin sensitivity and glucose utilization. 17 Data suggest that gastric bypass has more profound effects on the gut milieu than restrictive operations such as laparoscopic adjustable gastric banding. The immediate change in insulin sensitivity also does not occur with medical weight loss alone, which suggests that gastric bypass surgery alters specific aspects of the gastrointestinal hormonal environment that are presently incompletely understood. Improvements in other cardiac risk factors, such as normalization of blood pressure and lipids, also occur in conjunction with laparoscopic adjustable gastric band and/or medical weight loss and tend to be apparent after a 5% to 10% change of initial body weight.
Although a favorable reduction in proatherogenic metabolic profiles occurs within weeks to months, longterm data from the Swedish Obese Subjects (SOS) study demonstrate substantial and sustained benefit, with Ͼ10-year rates of recovery from diabetes, sleep apnea, hypertension, hypertriglyceridemia, and hyperuricemia after bariatric surgery, which is remarkable. Importantly, these alterations are associated with reduced risk of myocardial infarction and prolonged cardiovascular survival. 18 In addition to improving metabolic dysfunction, weight reduction is associated with decreases in circulating cytokines such as interleukin 6, tumor necrosis factor-␣, and C-reactive protein and upregulation of vasculoprotective factors such as adiponectin. Beneficial physiological and structural changes also become manifest with weight loss. For example, our group has shown that vascular endothelial function improves significantly within 3 months after bariatric surgery and is sustained at 12 months. 19, 20 Cardiac geometry and myocardial performance also improve after weight intervention.
In the Utah Obesity Study, marked weight reduction 2 years after gastric bypass induced regression of left ventricular hypertrophy and ventricular enlargement and improved biventricular systolic function. These occurred in parallel with improved left ventricular diastolic relaxation and tissue Doppler parameters that correlated with improved exercise capacity. 21 Additionally, electrophysiological properties may change, with several studies demonstrating correction of abnormal QTc intervals, heart rate recovery, and autonomic tone.
In summary, targeted weight loss reverses many aspects of abnormal cardiovascular function, and clinical data demonstrate long-term survival benefit, in particular with bariatric surgical intervention. The treatment decision for a given obese individual must be tailored on the basis of patient preference and eligibility, comorbidity burden, and the risk-benefit ratio of potential medical and surgical options. Future research may unravel additional beneficial mechanisms of different weight loss strategies and potentially pave the way for safer and more effective dietary or medical options for obesity treatment. The goal of future research into antiobesity agents is to induce a "medical gastric bypass" with perhaps a combination of incretin hormones and appetite suppressants.
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